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g0 mixture a raréfied homogeneous mixture 18

10 all whom' vt ma-y CONCETTD.

Be it known that I, IIENRY IIOELLJES, of

~ the city, county, and-State of New York, have |

invented a new and Improved Method of Op-
¢ erating: Gas-Engines, of which the following
" is a specification, reference being had to the
~annexed drawings, forming a part thereof, in

which— | o '

Figures 1, 2,3, and 4 are horizontal sections
of the cylinders and valves of my improved
gas-engine, type A, showing the parts in the
different positions required to perform one
eycle of operations. ¥ig. 5 is a.plan view.
Ifig. 6 is a vertical transverse scetidn taken
on line x z in Fig. 1. Fig: 7 is a detail view
of the lever for opérating the slide-valve con-

~trolling the supply to and exhaust from the |

power-cylinder. Figs. 8 and 9 are horizontal
seetions of the cylinders aund valves of type
13 of my improved engine, showing the valves
and pistons in different positions. Fig. 10 18
a transverse seetion taken on liney y in Fig.
9. Tigs. 11 and 12 are diagrams illustrating
therelation of the power-eranks and the valve-

20

~ plan view of the slide-valves of type 13, (shown
in Iigs. 8 and 9,) showing the devices for gp-
erating the igniting-valves; and Fig. 14 1s; a
longitudinal section of a cylinder and valve-
chest of a different form of gas-engine, which
I have designated as type C. -
~ Similar letters of reference indicate corre-
sponding parts in all the views. |

In gas-engines as commonly econstructed
either an explosive mixture of compressed gas
and air is introduced into the c¢ylinder, where

30

~ it is ignited and exploded to propel the pis- |

ton, or separate charges—one of neutral gases,
" the other of an explosive mixture—are intro-
duced into the eylinder, the neutral gas be-
ing for the purpose of cooling the ex ploding
- gases, thus reducing the temperature in the

erigine. As in the latter mode of operating
~ such engines no provisions are made to main-
tain the separation of the neutral gases and
the explosive mixture until the moment of
explosion, the ncutral gases very rapidly in-
termingle with the explosive mixture,so that
instead of maintaining the heterogeneous

formed. Tor this reason it 1s impossible to

~introfluce large proportions of neuwtr: 1 gases

operating eccentrics. Fig. 13 is an inverted

on account of diluting the mixture, so as to

render it incapable of ignition.

“In both of the types of engines to which I 55
have referred a very high temperature is
reached in the power-cylinder, which 18 ob-
jectionable for two reasons: first, a large
amount of the heat of the combustion of the
cases is rendered latent, as the specific heat
of the gases increases with the temperature,
and, furthermore, at very high temperatules
a dissociation of the products of combustion
takes place, which results in the absorption
of considerable heat, and, second, they neces-
sitate the absorption of the excess of heat by
means of water-jackets or analogous devices.
The use of water-jacketsin gas-enginesisob-
jectionable in many cases on account of the
difficulty and expense in securing the reqnired
amount of water for cooling the cylinders, and

6o
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“also on account of the enormous loss-of heat
which is earried away by the water.

The object of my invention is to provide
meang which will admit of using lower tem-
peratures in gas-engines, thereby avoiding the
dissociation of the products of combustion, to

75

“peduce the specific heat of the gases, to di-

minish the loss of heat through the cylinder-
walls, and also to avoid the use of water- 8o
jackets. .
My invention consists in the employment
of compressed air or any other suitable gas
or vapor kept separate from the explosive
mixture unlil the combustion takes place,the 85
compressed air being intended to absorb the
heat produced by the combustion. By the
absorption” of the heat in this, manner the
pressure of the compressed air increases, and
the difference between the original pressure
and the pressure as augmented by heat is
utilized Ly causing the heated compressed
air to propel a piston. |

T'o carry out my invention I compress the
air, gas, or vapor into the power-cylinder ox
an intermediate chamber connected with the
power-cylinder by suitable valves, Into the
air so compressed I introduce the explosive
mixture in an ignited state, thereby raising
the temperature of the compressed air with-
out unduly heating the walls of the chamber
or eylinder. This I effectineither of two dif-
ferent ways, the first of which-1s to compress
the explosive mixture into an intermediate

99*
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chamber adjoining the compressed-air cham-
ber and to explode the mixture when the two
chambers are thrown into communication by
the opening of suitable valves, said valves

408,483

ing-chamber-II and oneend cf the cylinder B3
through the ports m [ and the chamber I, and
also to bring the opposite end of the ¢ylinder 50
into communication with the exhaust-open-

ing n through the port " and the cavity of
the valve J. The valve J is provided with a
valve-rod o, which extends through a gland

5 being opened automatically by the explosion
of the charge or moved by connection with
some moving part of the engine. T'he second

Isto cause the compressed explosive mixture to !.p at the front end of the valve-chest I and g5
flow through gas-burners, wire-gauze, or tubes | is connected with valve-operating mechanism,

ro with small apertures into the compresscd- | which will presently be deseribed.
air chambers, and igniting it when it enters Upon the opposite side of the heating-
sald chamber, the gas-burners, wire-gauze,or { chambers IT II” and between the said chamn-
tubres being used to prevent the flame from | bers and the air-compressing eylinder Cis ar- 8o

ranged a valve-chamber K, which contains
the valves ¢ ». In the side of the valve-
chamber I{ adjoining the heating-chambers
H IV, nearthe opposite ends of the said valve-
chamber K, there are supply-ports s & and 3;
ignition-ports ¢ {’ adjoining the partition k.
In an enlargement of the partition k and dbe.
tween the ports £ ¢’ there is a cavity w4, pro-
vided with a port v,and in which isarranged
an igniting-burner w. - g0
Between the valve-chamber K and the air-

running back into the explosive mixture.

15 I will first proceed to describe the mechan-
iIsm of an engine in which the first of the
above-mentioned ways of introducing the
burning gases into the compressed alr is. aps
plied, after which I will describe the opera-
tion of the said engine.

Upoun the frame A are mounted two eylin-
ders I3 (Y, which are preferably arranged in
the same plane, the cylinder 13 being the |
power<cylinder and the cylinder C the air-

20

100 °

25 compressing cylinder, and between the said § compressing eylinder C there is a thick par-
cylinders 1s arranged the valve-chest D. In | tition-wall i, in which are formed ports ¢’ a?,
the cylinder B is placed the power-piston E, | which are opposite the portssd, and theough
which is provided with @ piston-rod ¢, pass- | which air may be forced into the heating- 0%
ing out throngh a gland b in the front end of | chambers 1Y I} when the ports U/ ¢" 2 &2 of

3o the eylinder. In the cylinderCis placed the | the.valves q » are made to coincide with the
air-compressing piston F, which is provided | ports ¢’ s and g? s’, respectively. -
with a piston-rod ¢, passing out through a| The valve q, in addition to the ports & (%,
gland d in the front of thesaid eylinder. The | near opposite erids thereof, is provideil with
piston-rod aof the power-cylinderisconnected | cavities @’ d? ¢’ ¢? and ports S 13 1tis also

35 with thecross-heade,slidingin suitable gnides | provided ‘with right-angled passages o’ 3,
upon the frame A, and the said cross-head is | which are oppositely arranged with respect
connected by aconnecting-rod f with the crank | to each other, and which establish communi-
¢ of the crank-shaft G. In a similar manner | cation between the cavities e’ e and the poris i10g%
the piston-rod ¢ of the aircompressing piston | £/ £2 through burners A" i3, arranged to dis

o I¥ is connected with the cross-head L, which | charge into the ports £’ 2. The said valve
slides in suitable guides upon the frame A, | is also provided with a valve-rod ¢/, which iy
and the said cross-head is connected by a con- | operated in a mannce presently to be de-
necting-rod ¢ with the erank j of the crank- | scribed. 110
shaft G. The valve ¢ is offset at opposite ends to re-

45 In the valve-chest D there are two neating- | ceive the valve r, which is arranged to em-
chambers H 1’, separated by the partition k, | brace the offset portion of the valve ¢, and
and between said chambhers and the power- | whieh is provided with a.rod 7', operated ina
eylinder B there is a valve-chamber I, com- | manner also to be hereinafter described. . 115
municating with the chambers H H’. The In the partition-wall L are formed ports A’

5o valve-chamber I extends through the entire | k? near the ports a’ «? the said ports k' 12
length of the cylinder B and eommunicates | cormmunicating with the exterior air and be-
with opposite ends of the eylinder through ing designed to supply air to the air-com-
ports { ', It also communicates with the heat.- pressing cylinder C through the ecavities &’ d* 120
ing-chambers IT IT” through ports m m’,which | of the valve g when the said valve is movedl

35 are opposite the ports [ ', At the middle of | so as to bring one of the said cavitics Oppo-
the length of the valve-chammber I there isan | site the ports @’ k' a? k% In Fig.1 the cavity
exhaust-opening n for the escape of the heated | 2 is shawn in position to establish communi-
air and the produets of combustion. | .| cation between the ports A? and a3, so as to 135

- . In the vulve-c]la,mberl 1s placed a D slide- | supply air to the cylinder C while the piston .

o valve J, of sufficient length to alternately es- | F moves in the direction i ndicatesd by the ar
tiblish communication between the ports I I’ | row. - -
aund the exha}lst-opening:n, and also to alter~ }  Under the partition-wall L is placed acom-
nately establish communication between the pression-cylinder M, containing a piston N, 113¢

heating-chambers I 11’ and opposite ends of
the power-ecylinder Bthrough the portslin I/ m’. |
In Fig. 1 I have shown this valve in position
to establish commnunication between the hegt- !

provided with a piston-rod 2, which extends
throughaglandin the frontof theeylinderand
is operated by an eccentrie n? an the crank.
shaft G. The cylinder.M comnwunicates af

n

—

] .
=1 mlien Yo



65 Cise e
7 of the air begins in the said cylinder C. At
the same time, also, the port ¢? is put into

a circular row of holes ¢’ ,
" central hole 7/, th& proportions of gas and air
admitted through the said holes being such
~ as to create an explosive mixture in the cyl-
B

408,483

opposite ends with ports o’ ¢? in the wall L, ;

and in the said wall are formed ports p’ p?,
which are thrown into eommunication with
the ports 0o’ 0* by the cavities e’ ¢?in the valve
q, and the said ports p’ p? receiye air through
and gas through a

inder M, so that when the piston N of the

 eylinder M moves the mixture of gas and air
. i taken into the cylinder through the sald

“openings and through the cavity of the valve q..

 tion of the machine.

20

' ."_j25

 erank-shaft G, and the valve-rod ¢’ in a simi-
lar manner is jointed toa rod ¢*, which isqp- |
“erated by an eccentric 7 on the erank-shaft G.
35

. 40

50

Inthe partition-wall Lare formed ch ambers
O Q’, in which the explosive mixture is com-
pressed by the action of the piston N, as will
be explained-in the deseription of the opera-
The said ehambers O
O’ are provided with ports s° 8%, and between

the said ports in the wall L is formed a cay-
ity %, which communicates with the exhaust-

opening u? L

" The valve-rod o is provided at its outer ex-
tremity with a fork @3 in which is pivoted a
block 1% the said block being placed in a

curved slot ¢® in one-arin of the sector-lever .

'Q-

The other arm of the said leveris jointed
to an-eceentric-lever R, which is operated by
the eccentrie (3 on the crank-shaft G. The
valve-rod j’ is jointed to an ccecentric-rod €7,
which is operated by an eccentric f° on the

The lost motion in tlic siot of the sector-
lever Q admits of moving the valve J just as

‘the piston E reaches the endof its stroke.
“As the same movement may be effected by

means of a cam, I do not confine myself to
this particular construction.

The operation of my improved gas-engine
is as follows: Beginning the description of

~the cycle of operations with Fig: 1, I will as-
. sume that pressure is being exerted uponthe
45 P18
- +by the arrow; also, that the piston F of the
- Talr-compressor O is just beginning to move in
the direction indicated by the arrow, and that

~ the piston N of the mixture-pump is vegin-

piston E, forcing it in thedirection indicated

ning to make a rearward movement, as indi-
cated by the arrow. With the parts disposed
in this manner, the valve J covers the port I/
and establishes communication hetween the

- exhaust end of the eylinder and the exhaust-

55

)

passage 71, while the said valve J allows the
heated mixture contained by
to escape through the ports m [ into the cyl-
inder 13 at the working side of the piston E.
At the same moment, the ports¢® &* being put

into communication through the cavity d?’

" air enters through the said ports into the cyl-

inder C in front of the piston F, while com-

- munication between ecorresponding ports at

the opposite end of the compressing-¢ylinder
C is closed by the valve g and the compression

the chamber 11

i

........

communication with the port p* through the '
cavity €2 in the valve ¢, thereby allowing the -

explosive mixture of gas and air to enter
through the said ports into the mixfure-com-

pression cylinder M, and the charge previously
drawn in and contained in the eylinder upon
the oppositesideof the piston N is being com-
pressed and forced through the port o', cavity

¢/, and port s* into the chamber O. At the

same time the charge contained in the cham-
ber O is liberated by the coincidence of the
port 72 of the valve ¢ with the ports §° ¢/, and
the explosive charge contained Ly the said

chamber in its passage from the chamber O’

to the chamber 11’ is ignited by the burner /?
and exploded, so that the flame and hLeat re-
sulting from the explosion enter from the
port ¢ into the charge of compressed air pre-
viously introduced into the chamber H'. At
this time the port £/ in the valve g is brought

into communication with the exhaust-passage

£ also with the port +,and the explosive mix-

ture is forced through the passage g” by the

gas-compressor piston, N into and throu oh the
burner /v’ intothe port £/, whereit comes into
contact with the igniting-flame of the burner
w. The gas at the burner 7’ is ignited, and
the flame is then supported by the mixture
furnished through the passagée ¢’ until the

70

73

8o

QC

95

valve ¢ has gone so far back that the port f* -

stands opposite the port s®of the chamber
O, when the flame ignites the eharge com-
pressed in the said chamber, the ignition of
the charge occurring at the time when the
power-piston is in its central position. The

| condition of the engine at this stage of the

operation is as follows: The heated mixture
contained by the chamber II has been ex-
panded into the eylinder 15 and has pushed
the piston E nearly to the limit of its forward
strolie. The chamber II’ contains air highly
heated, also a quantity of the produets of

combustion of the charge of the chamber O,

ready to be admitted to the front end of the
cylinder B as soon as the valve J is shifted,
As the piston E reaches the extreme forward
limit of its stroke the valve J isshifted by the
mechanism already described, so as to throw
the rear end of the eylinder into communica-
tion with the exhaust-passage n through the
port { and the cavity of the valveJ,and at the
same time to throw the chamber H’ into com-
munication with the forward end of the cyl-
inder B through the ports m’ !’ in the man-
ner shown in Fig. 2, and the piston E begins
its return-stroke under the pressure of the
heated air and gases contained by the cham-
ber II’. At this time the piston F will have
greatly reduced the volume of air in the cyl-
inder C, and the ports b’ ¢’ of the valves ¢ 7
will have coincided, and the said ports will
have been brought into communication with
the ports ¢’ s,and the charge of air contained
by the sai@ eylinder will be forced into the
chamber ¥f. The piston N, also, in the cylin-

10

105

I10

115

120

£25

der M will have transferred most of the con- .
tents of the cylinder to the chamber O
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through the port o, cavity ¢’ of the valve q,
and the port s. By the further movement of
the valve q the pert 7, in which the burner J,’
18 burning, receives icuited gas and will be
5 brought into communication with the cham-
bers O H through the ports 2 ¢, and the ex-

‘plosive mixture contained by the chamber O

will be ignited and will force a jet of flame
and hot gases through the port ¢ into the body
1o of air compressed by the chamber H, at which
time communication will be ciosed between
the compression-cylinder C and the chamber
H by the valves ¢ r, the relation of the said
valves to each other being changed, so that
1§ the ports U’ ¢’ are closed, the position of the
parts now being as shown in ¥ig.3: The con-
dition of the .engine with the parts in this
position is as follows: The produets of com-
bustion and the heated air have been driven
20 out through the port }, cavity of the valve J,
and the exhaust-passage n. The heated mjx-
ture contained by the chamber H’ has been
. €xpanded into the cylinder B in front of the
piston K, s0 as to force the said piston nearly
5 10 the rear end of its stroke, the pistons I
N have reversed their motion and are begin-
 ning to take in new charges, and as the pis-
ton B reaches the extreme rear end of its
stroke the valve J §s quickly moved, 50 as to
3o establish communication between the cham-
Ler H and the space in the e¢ylinder B, behind
the piston E, through ports ? m, and at the
83me time to bring the forward end of the
cylinder into communication with the ex-
35 haust- gen through the port I and cavity
~ of the valve J, in “the manner already de-
scribed, when the piston E is forced forward
by the pressure of the gases contained by the
chambers H O. .

It is obvious that the operations of com-
pressing the air and gases, of igniting charges,
and of exhausting are alike for both forward
and rearward strokes of the piston K.

In the modification shown in Figs. 8 and 9
45 & thin wall 1./ is substituted for the thick wall

L, the chambers O O’ are dispensed with,and
the valves ¢® 73 are substituted for the valves

40

¢ r. Inother respectstheengine is the same

as that already deseribed. The valve g’ 18
provided with ports b4 d* and ¢!, and corre-
sponding but oppositely - disposed ports 73
d® e at the other end, and the valve 19 is
provided with ports ¢* f* ¢* at one end and
corresponding but oppositely-disposed ports
55 ¢ f° ¢* at the other end. In this case the
combustible mixture enters the compressed
air contained in the chambers H H’ through
the ports £ {3 gradually, in a state of flame.
At the sides of the burner w are arranged
valves ¢! & attached to arms 7 7, and each
provided with an aperture 2% "The arms j* 3

50
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extend under the valves ¢° ¥ in a recess in

the valve-casing and are each pressed upward
by a spring I'.  On the valves¢®rare formed
65 notches, onc in each valve, into which -the
arms 7 )* may enter, but only when these two
notches coincide. When only one of the

notches coincides with one of the said arms, -
the arm cannot move, as it will be retained by
the other valve. In thesides of the chamber 7o
w are formed ports m* m® through which
communication between the inflowing jet of
combustible mixture and the flame of the
burner w is established when the valyes ¢* 43
are opened in alternation. 75
In Fig. 1 the piston E is being driven for-
ward by the expansion of the heated air and
gas in the direction indicated by the aArrow,
while the combustible mixture is bein g foreed
into the chamber I’ from the mixture-cylin-
der M by the piston N contained in the said
cylinder, the mixture passing ont through the
port o° of the gas-compressor, the port ¢* in

8o

the valve q)ﬂi through the port f3 and through
l

the burner /%, located in the port 2. The cham- 85
ber I’ having been previously filled with air
under compression,and the combustible mix-
ture having been ignited by the flame in the
purner 1w, in the manner deseribed, and all of
the ports of the said chamber being closed, go
with the exception of the port £, the flame is-
suing from the burners in the said port.
heats the compressed air to a high tempera-
ture. \Yhile the piston N is moving forward,
forcing the combustible nixture into the 05
compressed air, it is drawing in through the
port p° the port g* of the valve 19, the port,

¢’ of the valve ¢% and the port o’ a mixture

of gas and air to he forced into the cham-
ber I, after the said chamber is filled with 10D
compressed air, by the return of the piston ¥
after the port m is closed and the ports a’ s

are opened. In type B the gas-inlets p’ p?
and the ports o’ o® lie under the valves ¢* 73,

The operation is the same for both ends of 105
theeylinder. Thedifference between type BB
and A is, that in type I3 the combustible mix-
ture flows gradually into the compressed air
in an ignited state, whereas in the first in-
stance the combustible mixture is ignited and
al once enters the compressed air by an ex-
plosion, the entire heat beingevolved instan-
taneously. | | B

Dy some slight alterations of the valve ap-
rangement and the positionsof the respective
pistons I might change the action of this en-
gine in a certain degree.

One of the modifications I might make is
to place the valve I and the power-piston E a
quarter of a stroke forward, leaving all the
other parts of the engine as shown. This
would effect that the heating-chambers II 11’
would be thrown into communication ‘with
the power-cylinder B just after the air has
been compressed and before itis heated. The
explosive mixture would therefore flow into
the compressed air and heat the same while
the latter is moving the piston, while in the
before-described case the compressed air is
heated before it moves the piston.. I remark

110
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-here that thisalteration does not affoct, in the

slightest degree the principle of my inven-
tion, which remains the same in all above-de-
scribed modifications as well as in engines
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-’rvpes A and ¢, and “]11(.]1 cons.t-:ts sunply in

compressing a charge of air or neutral gas
into ‘a closed (*hmnber and after the Whole
charge of air ov nmltral eas has been admlt-
ted m‘m said chamber heatm o the said air or
neutral gas by introducing into it an ignited
e‘r.:plo.sw mixture and ﬁnally causing the

Whole charge of compressed air or neu tral o ans

is already contained, thereby heating the air -

or neutral gas, and finally dlbcharmnfr the
heated compressed air or neutral gas and the

t produets of combustion into a power-cylihder,

compressed air or nentral gas and prod uctq of

combustion to propel a pmton

In Fig. 14 I have shown a portmﬂ of an en-

gine in “Which the separation-of the air and

e\plmwe mixture is effected by a eylmder of

- two diameters and a corvesponding m.ston of

15

two diameters.

| It will be seen that by the cmnlmstwn of
& small chargeof explosive mixture and fore-

ing the ﬂame and heated gases of the said

20

mntm'e into a body of cmnpressed air I ani

enabled tostrongly heat the air without bring-

ing the flame into. eontact with the walls of‘

| the engine to any considerable extent, and.

3©
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explosive niixture is effected hy‘
nitor, as herein desecribed, or by an electric
spark, or whether the air is comples*ied in:

-inder.

therefore I am enabled to not only; )1'010110'

the life of the engine, but also-to avmd the

use of cooling devme%, and, further, I effeet
an epnormous saving of fuel as the heat is
imparted direetly to the charﬂre of compressed

alr and eommunicated only in a mmll degrec

to the walls of the engine,
It is innnaterial w hether the I“‘lllthll of the
ﬂame-w—

chambers, as deseribed, or in the motor-cyl-

plosive mixture is introduced into the com-
pressed airin a state of flame, while or be-
fore moving the piston, or whether the whole
quantity of explosive mixture 1s.introduced

~1nto the compressed air instantaneously by
For engines of type A it is |
also immaterial whether the explosive mix-

an explosion. .

ture is compressed. It is also immaterial
whether the air is compressed by the motor-

piston itself or bya separate air-compressing

piston, or whether the air is first compressed
in the eompression-cylinder and then admit-

ted to the chamber to be heated, or whether

it 1s admitted during the entir 9 %tml\o of the
compression-piston. |

I do not limit or confine m) self in my pres-
ent application to any particular kind of
valve or any particular arrangement of the

- mechanism or of the dlmnbu'q, or the gas and
~air inlets, as these and all other mechmucal
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11tr1vances for carrying out my invention

may be varied according to the particular use
for which the engine is deqlﬂ*ued -

Taving thus descmbed my nwentlon Tclaim

A

It is also 1mmater al whether the ew:-'

as new and desire tosecure by Letters Patent— |

1. The method of operating a gas-engine,
which consistsin compressing a certain charge
of air or neutral gas into a heating-chamber,
compressing a certain charge of explosive
mixture, consisting .of inflammable gas or

. vapor and air, lgmtm a this explosive llll‘itlll‘e,

and causing it to enter in an ignited state
inte the said he Ltmfr-elmmbm" i whiclh the

Or neutral

causing thein to move a piston, substantially
as specified.

2. 'The method of heating a charge. of com-
pressed air or neutral gas by introducing the

charge of compressed air or neutral gas into

) heatmcr-ohamber and causing an wmted ex-
plosive mixture, consisting of inflammable
gas or vapor and air, to enter into said heat-
mtr-chamber in which the whole charge of
compreb%ed air or neutral gas is ah‘e&dv con-
tained, substantially as speclﬁed |

3. The method of preventing the dilutiuii

of the explosive mixture in a gas-engine,

which consists in compressing a charge of air
cas into a heating-chamber and in-
troducing an ignited e\ploswe mixture into

.S&id'heating-chamber,- in which the whole

charge of compressed air or neutral gas is
already contained, substantially as specified.

4. The method of operating a gas-engine,
which consists in compressing a certain quan-
tity of air or neutral gas into a heating-cham-
ber or the motqr-cylinder, introducing an ex-
plosive mixture into another chamber or the
motor-cylinder, separated from the body of
the compressed air or neutral gas by the mo-
tor-piston, establishing a communication be-
tween the compressed air or neutral gas and
the explosive mixture by moving thre motor-
piston, in the meantime igniting the whole

charge of said explosive mixture instantane-

ously the exploding gases heating the body
of*.the. comprefssed air or neutral gas, and
finally causing the so-heated compressed air
or neutral gas  and products of combustion to
move a piston, substantially as specified.

5. The method of operating a gas-engine,

‘which consists in compressing a certain quan-

tity of air or neutral gas into a heating-cham-
Ler-or the motor-cylinder, introdueing an ex-
plosive mixture into a chamber separated

“from the -body of the compressed air or neu-

tral gas, igniting the whole charge of said ex-
plosive mixture instantaneously and causing
the exploding gases to enter through auto-
matic valves, or valves moved by the engine,
into the body of the ecompressed air or neu-
tral gas, thereby heating the'same, and finally
causing the so-heated compressed alr or neu-
tral gas and produets of combustion to move
a piston, substantially as specified.

- 6. The method of operating a gas-engine,
which consists in compressing a certain quan-
tity of air or neutral gas into a heating-cham-

ber, causing a compressed charge of explo-

sive mixture to flow in a state of flame grad-
ually into the chamber in which the whole
charg e of compressed air or neutral gas is

,contdmed then heating the hody of ‘com-

I'

pressed air or neutral gas, the quantity of
which latter being congstant and not aug-
mented while being heated, except by the
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products of combustion of the explosive mix-

.ture, and, finally, after the complete combus-

tion of the explosive charge, discharging ti:e

heated compressed air or neutral gas and
products of combustion into a. power—cyhn—
der, causing 1t to move a piston, substantmlly

as spec1ﬁed

- 7. The method of operaling a gas-engine,
which consists in compressing a certain guan-
tity of air or neutral gas into a heating-cham-
ber or the motor-cylinder, causing & COm-
pressed charge of explosive mixture to flow
in a jet gmdually into the chamber or motor-
cylinder in which the whole charge of air or
neutral gas is contained, said jet of explosive
mixture being ignited when flowing into and

“thus heating the body of the compressed air

20

or neutral gas, the quantity of which latter
being constant and not au gmented while be-
ing heated except- by the products of com-
bustion of the explosive mixture, the com-
nressed air or neutral gas and produets of

il il
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combustion being caused to move a piston,
while the explosive mixture flows into the
compressed air or neutral gas and heats the
satae, substantially as specified.

25

8. The method of using heating-chainbers |

communicating with the motor—cylmder by
suitable valvea, into which heating-chambers
charges of compressed air or neutral gas and
charﬂ'es of an ignited explosive mixture are
mtroduced mtermlttmg]y and successively
to each other, each charge of air being first
admitted and then being heated by a charﬂe
of an ignited explosive mixtule, the so-heated
air or neutral gas and the products of com-
bustion then being discharged into the power-
eylinder to move .2 piston, substantially as

specified. -
HENRY HOELI.JES.
Witnesses:

GEO. M. HOPKINS,
EDGAR TATE.
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